Abstract
environmental indicator is that "it is well founded and achieves the overall objectives or it 7 produces the intended effects" (Bockstaller and Girardin 2003, p641 ) (see Table 1 ). This 130 might be achieved if it is scientifically designed, the information it supplies is relevant, and if
131
it is useful to end users (Bockstaller and Girardin 2003, p641 Gilbert, et al. 2008 , Buyse, et al. 2010 , Li, et al. 2011 , Ghosh 2012 . A framework for the development of surrogates in ecology 165 Building on the concepts and terminology described above, we next outline a new framework 166 to improve the development of surrogates in ecology. The framework includes (i) 167 specification of the surrogate model ( Fig. 1) , (ii) validation of the surrogate (Box 1), and (iii) 168 evaluation of the surrogate (Box 2). We outline our framework below.
169
(1) Specification of the surrogate model. For the medical surrogate concept to be 170 applicable to ecology, attention must be given to describing a measurable outcome following 171 a treatment. Yet, the precise description of goals, objectives or endpoints (see Table 1 necessitates the clear identification of an outcome so that the validity of a surrogate can be 177 assessed (Fig 1) . Linking the treatment effect to the objective, via a surrogate variable, 9 variables should, at least in the first instance, be based on an understanding of mechanisms 180 that link the surrogate to the objective (Pierson, et al. 2014 to steps 4-6 of the bioindicators selection procedure outlined by Chown and McGeoch (2011, 196 behaves over time (Barton, et al. 2014 , Pierson, et al. 2014 ). This part of our framework is 208 similar to steps 7-9 of the bioindicators selection procedure outlined by Chown and McGeoch
209
(2011 , Table 18 .2) and (McGeoch 1998); i.e., the repeated testing of the surrogate under 210 different conditions to assess robustness and generality (see Table 1 ).
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Of course, certain kinds of ecological research are better suited than others to the covariates. Below, we retrofit our framework to an existing biodiversity monitoring program 215 to show how it might be re-framed conceptually from a medical surrogacy perspective. We 
Conclusions

283
We have drawn together ideas from the medical sciences to define an explicit surrogate 284 concept that has not previously been used in ecology. This is relevant to several areas of sciences. Such networks allow for the building of evidence, and the publication of systematic 296 reviews of the evidence. This is an important avenue for further advancement in surrogate 297 ecology (Westgate, et al. 2014) . Our definition of a surrogate, and our new framework for 298 specifying surrogate models, completing validation using a causal framework, and 299 subsequent re-evaluation in different spatial and temporal contexts, is closely aligned with the 
Specificity
The degree to which a surrogate is associated with a specific outcome (Aronson 2005).
Precision and accuracy (Niemi and McDonald 2004)
Consistency
Persistence of an association between the surrogate and outcome in different circumstances (Aronson 2005).
As for evaluation (see above) VanderWeele 2013). Each of these approaches has different data requirements and we 528 encourage readers to consult with statisticians and to explore these methods in the literature.
529
We give three ecological analogues to illustrate how each causal framework might be (Manning, et al. 2013 in difference situations. These data would also need to be weighed against the cost and 577
